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Introduction
Atrial fibrillation (AF) is the most prevalent arrhythmia in clinical practice. It is estimated that 2.5% of the Portuguese population over the age of 40 and more than 10% of those aged over 80 have AF. 1 Since it can be asymptomatic and remain undiagnosed until a complication occurs (ischemic stroke or systemic embolism), 2, 3 screening is currently recommended for those aged over 65 years. Diagnosis of the condition is essential in order to stratify thromboembolic risk and to decide whether to prescribe prophylactic medication. Oral anticoagulation with vitamin K antagonists (VKAs) is the mainstay of pharmacological intervention for this purpose and reduces stroke risk by over 50% in patients with AF. 4 However, despite their demonstrated efficacy in clinical trials, the use of these drugs has consistently been reported as suboptimal. 5 Recently, new pharmacological options have been developed with the same therapeutic goals, notably the non-vitamin K antagonist oral anticoagulants known as the new oral anticoagulants (NOACs). They are considered at least as effective as VKAs, with lower risk of intracranial hemorrhage 7 and with no need for laboratory monitoring of international normalized ratio (INR). Three of these NOACs have been approved to date for reimbursement under the National Health Service (NHS) for AF patients in Portugal: apixaban, dabigatran and rivaroxaban. These three drugs have different mechanisms of action, pharmacokinetics and dosage regimens, and thus offer different therapeutic options for individual patients according to renal dysfunction, age, bleeding risk, history of coronary artery or peripheral arterial disease, and stroke risk.
Although these drugs are more expensive than VKAs, studies on dabigatran and rivaroxaban compared to warfarin for AF patients in Portugal indicate that they are cost-effective in clinical practice. 8, 9 Since August 1, 2014, these NOACs have been reimbursed by the NHS for the prevention of thromboembolic events in patients with non-valvular AF. Against this background, it is important for decision-makers to be aware of the health gains and associated costs of the different NOACs. The aim of this study was thus to estimate the cost-effectiveness of NOACs, particularly apixaban (the most recent to have obtained market authorization) compared to warfarin, dabigatran and rivaroxaban.
Methods
Model structure
A Markov model of cost-effectiveness and cost-utility was used, with a six-week cycle length, the minimum period in which changes in health (or disease) state would be expected, following a cohort of 1000 patients over a lifetime horizon. The model, details of which were recently published by Lip et al. 10 , was programmed in Excel using Visual Basic for Applications (Figure 1 ).
In the model, the natural history of the disease is represented by 11 mutually exclusive health states: non-valvular AF; mild, moderate or severe non-fatal ischemic stroke; mild, moderate or severe non-fatal hemorrhagic stroke; systemic embolism; myocardial infarction (MI); non-valvular AF with discontinued first-line anticoagulation; and death. After six weeks the patient can enter, remain in, or transition to another state according to the corresponding transition probability, defined as the likelihood of an event occurring within that period.
The risk of ischemic stroke is calculated according to the patient's CHADS 2 score 11 (the method for estimating thromboembolic risk in use at the time of the clinical trials of the drugs under analysis) and the level of anticoagulation for patients treated with warfarin as determined by time in therapeutic range (TTR) of the international normalized ratio (INR). The likelihood of stroke, MI, intracranial bleeding and other major and non-major bleeding increases with age. The model also considers the long-term impact of MI and systemic embolism on mortality, reflected in higher hazard ratios (HR). For patients in the state of non-valvular AF who discontinue first-line anticoagulation, the model structure remains the same but the transition probabilities differ.
Severity of stroke (ischemic or hemorrhagic) is classified according to the modified Rankin scale (mRS) 12 : mild, 0---2; moderate, 3---4; severe, 5; and fatal, 6. All patients with fatal stroke transition to the state of death in the following cycle, while non-fatal stroke is modeled as a tunnel state from which patients can only transition to recurrent stroke or death. Patients can only experience one recurrent stroke in the model, from which the transition is to stroke of the same or greater severity. The model does not allow recurrent MI or systemic embolism, patients either remaining in the same health state or transitioning to death.
At the end of each cycle health care costs, qualityadjusted life years (QALYs) and life years gained are calculated. Levels of health-related quality of life (utilities), clinical outcomes and mortality rates vary according to stroke severity. In accordance with the Portuguese Ministry of Health's guidelines for economic evaluation studies of drugs, 13 published by Infarmed, costs and utilities are discounted at an annual rate of 5%.
Population
In the model's base-case scenario, the characteristics of the population are those of patients enrolled in trials of apixaban, specifically ARISTOTLE, 14 in terms of median age (70 years), gender (64.7% male), and distribution of CHADS 2 scores (1---2: 69%; 3---4: 27%; and 5---6: 4%).
Comparators
The results of treatment with apixaban 2.5---5 mg twice daily are compared with (1) dabigatran 150 mg twice daily in patients aged ≤80 years and 110 mg twice daily in patients aged >80 years with high bleeding risk and those treated with verapamil (the dabigatran group) and (2) rivaroxaban 15---20 mg once daily. Table 1 summarized the characteristics of each of these studies. As can be seen in Figure 2 , the estimates for the various outcomes in these publications are consistent and are similar to those used in the base-case scenario in the economic model. 10 Given the aim of the present study, Lip et al. 10 (frequentist indirect comparison using the method of Bucher et al. 23 ) and Mitchell et al. 20 (Bayesian network meta-analysis) probably give the best estimates of the relative effectiveness of the three NOACs in AF, since they use only data from phase III clinical trials and establish associations using HRs, which takes the time factor into account and respects the primary statistical analysis of each trial. Supplementary Figure 3 shows the evidence network used for these two indirect comparisons.
Relative effectiveness of the new oral anticoagulants: indirect comparisons
Relative effectiveness of the new oral anticoagulants: event rates
The event rates in the base-case scenario are derived from the HRs reported by Lip et al. 10 ( Table 2 ). The distribution of stroke events by severity is presented in Supplementary  Table 3 .
As stated above, the risk of ischemic stroke and bleeding events associated with warfarin depends on the level of anticoagulation as determined by INR (Supplementary Table  4) . The model classifies patients in four categories according to various cutoffs for median center time in therapeutic range (cTTR) based on the results of centers participating in the ARISTOTLE trial. The distribution is uniform, with 25% of patients in each category.
To parametrize the model to reflect the situation in Portugal, we used data from a convenience sample of patients attending the anticoagulation clinics at two hospitals in the Lisbon region, Centro Hospitalar Lisboa Central and Hospital Fernando da Fonseca. These data are from 2011 and 2012 and are on patients who underwent at least 10 INR measurements, with a total of 39 630 measurements in 2850 patients, and were used to calculate patient median TTR. The median cTTR could not be estimated since the data are limited to two hospitals, but the above median TTR was considered a reasonable approximation to the cTTR defined in the model. The robustness of the results obtained from this hospital sample was checked by comparing them a Intracranial hemorrhage includes hemorrhagic stroke and other types of intracranial hemorrhage. The proportion of hemorrhagic stroke among intracranial hemorrhage was 77%, 64%, 64%, 41% and 57% for apixaban, warfarin, dabigatran 110 mg, dabigatran 150 mg and rivaroxaban, respectively, according to published studies (secondary analyses of the ARISTOTLE, RE-LY and ROCKET AF trials).
b Assumed, given the low rate of systemic embolism events in the trials. c Assumed to be the same as apixaban. Source: Lip et al. 10 with a sample of 4470 outpatient INR measurements in 233 patients; no statistically significant differences were found.
Study
On the basis of these data, anticoagulation levels in the Portuguese population are lower than considered in the model, since only 44.5% of Portuguese patients have TTR ≥52.38%, as opposed to 75% with ≥52.38% in the trials (Supplementary Table 5 ).
Treatment discontinuation rates (%/year) due to nonvascular causes were obtained from a secondary analysis of the ARISTOTLE trial results (13.2% with apixaban and 14.4% with warfarin), assuming constant rates over time. Supplementary Table 6 shows HRs for treatment discontinuation for reasons other than vascular events. Second-line treatment was assumed to be aspirin. Absolute risks associated with events per 100 patient/years are summarized in Supplementary Table 7 .
Costs
The study adopts the perspective of the NHS and therefore does not analyze indirect costs. Three main types of costs are identified in the model: costs arising from vascular events, costs of anticoagulant therapy, and costs of monitoring and/or routine consultations. Costing is based on (1) Order in Council 20/2014 24 for unit costs of consultations, diagnostic exams and diagnosis-related groups (DRGs); (2) analysis of the database of NHS hospitalizations (DRGs) in 2013 25 ; (3) the Portuguese Ministry of Health's drug database (Infomed) for prices of medications, consulted on January 2, 2015 26 ; and (4) estimates outpatient care resource use by a geographically representative expert panel of various specialists. For the health states of non-fatal ischemic or hemorrhagic stroke, MI and systemic embolism, costs were divided into acute and long-term maintenance, the acute phase including the first two weeks of hospital stay and the first three months of rehabilitation. The model assumes that the maintenance stage will continue until death and according to the expert panel, includes costs of consultations, emergencies and transport, diagnostic exams, medication and technical assistance. It was not possible to estimate the costs of stroke according to severity (mild, moderate or severe), since there are no data on costs according to the mRS in Portugal. For the other health states only the costs of hospitalization (acute phase) were included.
Overall costs per event, treatment costs and costs of monitoring and routine care are shown in Table 3 .
Mortality
The probabilities of death associated with vascular events in the model are those observed in the trials of the NOACs, with the exception of the fatality rate in MI, which was obtained from Scarborough et al. 27 The model assumes that these probabilities are independent of treatment. For the period corresponding to the duration of the ARISTOTLE trial, mortality from non-vascular causes is assumed to be the same for all three NOACs, and the figures in the ARISTO-TLE trial (3.08% for apixaban and 3.34% for warfarin) was used in the model. Mortality after the period analyzed in the clinical trials was estimated on the basis of Portuguese life tables, 28 multiplied by the HRs associated with the population with AF estimated by Friberg et al. to take into account the increased risk of this population. 29 Specifically, the parameters of a Gompertz survival function were calculated by age-group (<75 years and ≥75 years) and by gender. The model includes adjustments to mortality risk to account for the increased mortality associated with AF and different degrees of stroke severity (Supplementary Table 9 ).
Health-related quality of life weights or utilities
The mean values for utilities and disutilities associated with different health states were taken to be the same as those estimated for the UK population by Sullivan et al. 30 There are also disutilities associated with warfarin therapy (unlike the NOACs) and with other vascular events. The model assumes that these disutilities are cumulative. Table 4 summarizes the utilities and disutilities used in the model. 
Sensitivity analysis
One-way sensitivity analyses were performed to assess the robustness of the results in terms of the following parameters: (1) 10 ; (2) anticoagulation levels as reported in the clinical trials, instead of those obtained in Portuguese patients; (3) duration of the acute phase of hospitalization taken to be six rather than two weeks; (4) different costs of stroke depending on severity, with weighting calculated on the basis of UK figures, instead of a uniform cost for stroke of any severity; (5) the same distribution of stroke of similar severity for all NOACs (based on the distribution in the case of apixaban); (6) the same treatment discontinuation rates for non-vascular causes for all comparators as for apixaban (13.2%/year) from the beginning of treatment, instead of the rates reported in the clinical trials; (7) mortality rates after the period covered by the trials taken to be the same as for the general population, thus underestimating mortality; (8) use of different utilities associated with each health state, as estimated in a previous study by Sullivan et al., 46 and used in other studies of the cost-effectiveness of NOACs 32---34 ; and (9) a discount rate for costs and utilities of 0% or 3% instead of 5%.
A probabilistic sensitivity analysis using 2000 Monte Carlo simulations incorporating second-order uncertainty was also performed. 35 The results are presented as the probability of apixaban being cost-effective compared to the other therapeutic options based on a threshold of D 20 000/QALY, the limit usually taken to be acceptable for funding new health technologies in Portugal. Table 5 shows the number of vascular events associated with each anticoagulant in a cohort of 100 000 patients according to the rates derived from the model. The number of vascular events and event-related deaths was lower with apixaban except for hemorrhagic stroke. The difference was greatest for ischemic stroke, other major bleeding, clinically relevant non-major bleeding and event-related deaths. Table 6 and Figure 3 present the breakdown of costs associated with the different therapeutic options over a lifetime horizon. Warfarin has the lowest mean cost per patient and rivaroxaban the highest. The total mean cost of apixaban is between these two, with the lowest clinical costs (due to its low vascular event rate) and lowest costs of monitoring and routine care. Although the daily cost of apixaban is lower than dabigatran and rivaroxaban, lifetime costs are greater because the duration of treatment tends to be longer due to its lower discontinuation rate. Table 7 and Figure 4 show the results of the costeffectiveness analysis of apixaban compared to the other therapeutic options. As suggested in the literature 36, 37 for multiple comparisons, the results are presented as a graph in which the x-axis represents the differences in QALYs and the y-axis the differences in cost between the comparators and the reference therapy (in this case warfarin). The red line linking the points on the graph represents the efficient frontier. The frontier consist of three segments: its slope corresponds to D 4367/QALY when it joins the points representing warfarin and dabigatran, D 9163/QALY when it joins the points representing dabigatran and apixaban, and is vertical above apixaban because no therapy is more effective. Rivaroxaban is dominated because it is to the left of the cost-effectiveness frontier, presenting greater costs and fewer QALYs than other therapies on the frontier. Rivaroxaban is also dominated by apixaban when analyzed in isolation.
Results
Event rates and costs
Cost-effectiveness of apixaban compared to the other therapeutic options
Sensitivity analysis
The results of the one-way and probabilistic sensitivity analyses confirm the robustness of the study's findings. In the one-way analysis of the nine parameters specified in the Methods section, which reflect a range of alternate scenarios, apixaban is always dominant compared to rivaroxaban. Compared to the other therapeutic options, apixaban presents ICERs well below D 20 000/QALY, ranging between D 4909 and D 6741/QALY compared to warfarin and between D 5162 and D 12 016/QALY compared to dabigatran. If it is assumed that discontinuation rates for non-vascular causes remain the same from the beginning of treatment, the costs of apixaban are less than either rivaroxaban or dabigatran. In this case, apixaban is dominant compared to rivaroxaban and, for a threshold of D 20 000/QALY, is cost-effective compared to warfarin and dabigatran. The results of the sensitivity analyses are summarized in Supplementary Table  14 .
In the probabilistic sensitivity analysis, the probability of apixaban being cost-effective for a threshold of D 20 000/QALY is 96%, 87% and 95% compared to warfarin, dabigatran and rivaroxaban, respectively. If all the comparators are considered together ( Figure 5) , apixaban is the best alternative from a threshold of D 8000/QALY. In this scenario, for a willingness to pay of D 20 000/QALY, the probability of apixaban being cost-effective is 70%.
Discussion
AF is the most common arrhythmia 1 and has a considerable social impact due to associated mortality and morbidity. In Portugal, it has been estimated that 3.8% of all deaths in 2010 could be attributed to AF, and that in terms of overall burden of disease and cost of illness, it was responsible for around 23 000 disability-adjusted life years and total costs of around D 140 million in 2010, about 0.08% of gross national product. 38 These figures are expected to rise as the incidence of AF increases with aging populations and greater prevalence of chronic heart disease, among other factors. 39 More widespread use of ambulatory electrocardiographic monitoring has improved diagnosis and will also help ensure that significant health gains will continue to be made in AF patients in the future. Antithrombotic therapy, particularly anticoagulation, significantly reduces the risk of AF-related thromboembolic events, especially stroke. 4 There were few therapeutic options for this purpose for several decades, when warfarin was the reference treatment, but the development of NOACs has changed the picture. Since the NHS began reimbursing these drugs the number of patients using them has increased significantly, and it is likely that NHS spending on outpatient anticoagulation therapy (currently 4.5%, corresponding to more than D 50 million in 2014) will rise further. 40 In the light of this situation, it is important for health decision-makers to have access to estimates of the cost-effectiveness of these NOACs for stroke prevention in AF. Several cost-effectiveness studies have been published in which a specific NOAC was compared with warfarin. Without exception these studies, carried out in both Europe and the USA, have shown that the NOACs are cost-effective compared to warfarin. 41 However, the results of these studies cannot be used for naive indirect cost-effectiveness comparisons, and they certainly do not reflect the situation in Portugal. We therefore performed an economic evaluation based on a previously published model 10 that compared the three NOACs to each other, which was adapted for the clinical setting.
The results of the present study show that apixaban is cost-effective compared to warfarin and dabigatran (ICERs of D 5529/QALY and D 9163/QALY, respectively) and dominant compared to rivaroxaban. The probability of apixaban being cost-effective compared to all the other therapeutic options is 70% for a threshold of D 20 000/QALY. These results are in agreement with those of studies in other European contexts, including Belgium, 42 the Netherlands, 32 the UK 10, 43 and France, 44 in which apixaban was also cost-effective compared to warfarin and cost-effective or dominant compared to dabigatran and rivaroxaban. The fact that apixaban is the most cost-effective NOAC in these studies may be due to its greater effectiveness, which can be attributed to the lower rate of vascular events associated with its use, particularly ischemic stroke, 10, 44, 45 major bleeding 20 and event-related deaths. 10, 20 A logical consequence is that apixaban presents a lower event-related discontinuation rate and that patients remain under treatment for longer (and thereby benefit in terms of thromboembolic prevention). This lower discontinuation rate explains the higher total lifetime costs of apixaban therapy compared to the other NOACs.
However, other studies have recently been published, in Norway 33 and the UK, 32, 34 in which the results are different, with dabigatran being considered cost-effective compared to apixaban (both being superior to rivaroxaban). In these studies, incremental QALYs were 0.2%---1.3% higher with dabigatran than with apixaban, even though the numbers of vascular events used in the analysis were taken from the same clinical trials as those used in the present study. Various methodological differences may account for these conflicting results: (1) differences in modeling; (2) use of different non-event-related discontinuation rates; (3) modeling of mortality after the trial period; (4) use of different values for the utilities associated with each health state (the present study uses estimates based on Sullivan et al. in 2011, 30 while the other studies were based on the values reported by the same group in 2006 46 ); (5) different discount rates.
All of these differences except the first were subjected to one-way sensitivity analysis in the present study that confirmed the robustness of the main results. Therefore, the differences between the studies cannot be explained by these parameters. They may thus be due to differences in modeling, including the ways in which the states of the Markov model are specified, different cycle lengths, the use of a single level of severity for stroke, and differences in cost estimates (which are influenced by the resources and characteristics of health care systems and the prices of drugs in each country). A quantitative analysis of these questions is beyond the scope of this study.
Some studies have suggested that the cost-effectiveness of the NOACs depends on the level of anticoagulation control, in that they will tend to be more cost-effective when anticoagulation control is poor. In particular, it has been suggested that dabigatran is less cost-effective in wellcontrolled patients. 47, 48 However, the results of sensitivity analysis for this parameter showed no significant differences.
This study has certain limitations in terms of the data used, particularly for the number of events, since these were taken from clinical trials with short follow-up periods (2---3 years), which may not reflect the actual effectiveness of each drug. Furthermore, in the absence of head-to-head comparisons between the NOACs, cost-effectiveness was estimated indirectly, using warfarin as a common comparator, and so it was not possible to control for differences in baseline patient characteristics, trial design, anticoagulation level or risk profile determined by CHADS 2 score (although the results on the cost-effectiveness of apixaban are similar in the subpopulation with higher CHADS 2 scores). 49 According to the literature review carried out by the authors of the present study, the estimates of effectiveness used in this study are consistent with those in published indirect comparisons and the results did not change when other estimates obtained by Bayesian methods were used. 20 
Conclusion
In this cost-effectiveness analysis based on indirect comparisons, apixaban was cost-effective compared to warfarin and dabigatran and dominant over rivaroxaban in patients with non-valvular AF. These conclusions were robust in all the sensitivity analyses performed. This information is useful for healthcare decision-makers when selecting the best option for the individual patient.
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